Efficacy and kinetics of opioid action on acutely dissociated neurons.
Opioids have been shown to cause a potent inhibition of neurons in the locus ceruleus (LC) in vivo in brain slices and isolated neurons; however, the kinetics of opioid action have not been described. In this study, we used acutely isolated LC neurons to examine opioid and alpha2-adrenoceptor action on potassium and calcium currents. [Met]Enkephalin (ME), [D-Ser2,Leu5,Thr6]-enkephalin, etorphine, and [D-Ala2,N-Me-Phe4,Gly-ol5]enkephalin increased potassium conductance, whereas morphine and naloxone were antagonists. The time constant of potassium channel activation was approximately 0.7 sec and was the same for each agonist. The amplitude of the current and the time constant of decay were dependent on the agonist, suggesting that agonist efficacy and affinity, respectively, determined these parameters. The amplitude of potassium current induced by the alpha2-adrenoceptor agonist UK14304 was not significantly different from that induced by ME, but the time constant of current activation was half that of ME, and the decline was more rapid. When potassium conductances were blocked with the combination of internal cesium and external barium, opioid and alpha2 agonists had no effect at potentials more negative than -50 mV and decreased barium currents at potentials between -40 and +20 mV. Both morphine and clonidine caused a small inhibition of barium current. In dorsal root ganglion cells, morphine alone had small and inconsistent effects on the calcium current, but it always competitively antagonized the inhibition caused by [D-Ala2,N-Me-Phe4,Gly-ol5]enkephalin. The results in isolated LC neurons suggest 1) the amplitude and time course of the opioid-induced potassium current depend on agonist efficacy and affinity and 2) the coupling of both mu-opioid and alpha2-adrenoceptors to calcium channels seems to be more efficient than that to potassium channels.